Type of Metamorphic Rock 





Metamorphic rock classified based on the 
existing texture/structure: 


**Foliated 


“*Non-foliated 
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¢ Foliation: when platy, lamellar or flaky minerals (eg. 
sheet silicate minerals the micas: biotite and muscovite, 
chlorite, talc, and serpentine), occurring in rock orient 
themselves parallel to one another (i.e. perpendicular to 
the direction of maximum pressure or stress). 





¢ Types of foliation: 


e Slaty Cleavage 
» Phylitic 


Schistosity 


Gneissic 
Migmatite 
Mylonitic 
Fylonitic 





Slaty Cleavage 


Slaty cleavage; - a pervasive, parallel foliation 
(layering) of fine-grained platy 

minerals (chlorite) in a direction perpendicular 
to the direction of maximum 

stress. Produces the rocks slate and phyllite. 





Original Shale -usually formed during the early stage of 
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Preferred Orientation 
of Sheet Silicates 


Maximum Stress Direction 


Low-grade Metamorphism due to lithostatic 


-New Sheet-structure minerals tends to be 


the bedding planes during 


metamorphism. 


- however, further deep burial along 
the continental margin; 
compressional forces will cause 
deformation (folding). 


- hence, the sheet minerals as well as 
foliation will no longer be parallel to 
the bedding planes, such type of 
foliation in fine gramed rocks _ Is 
called slaty cleavage. 
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Phylitic 


Usually associated with intermediate grade _ of 
metamorphism; where the mineral grains grows large in 
size as compare to that seen in slates 

This develops a pronounced foliation where the preferred 
oriented minerals are seen. 


Schistosity 


The layering in a coarse grained, crystalline rock due to the parallel arrangement of platy 
mineral grains such as muscovite and biotite. Other minerals present are typically quartz and 
feldspar, plus a variety of other minerals such as garnet, staurolite, kyanite, sillimanite. 

At intermediate and high grades of metamorphism the chlorite breaks down and recrystallizes 
to form quartz, feldspar, and mica. The grain size also increases and individual mineral grains 
can be seen with the unaided eye. Foliation in coarse grained metamorphic rocks is called 
SCHISTOSITY. In a hand sample the foliation can be easily seen, and ususally runs planar 
through the rock; that is, it all runs the same direction. In larger specimens, however, the 
foliation may be folded. Schistosity is derived from the Latin schistos meaning cleaves easily. 

Schistosity differs from slaty cleavage in both grain size and mineral content. 








sar refered Orientation 
p) of Sheet Silicates 


- usually formed during intermediate and high grade metamorphism 

- Grain size increases and can be seen by naked eye; grains tends to 
enlarge with increasing grade of metamorphism; the coarse grained 
Sheet-structure minerals show preferred orientation 

- grain size is the main difference between the slaty structure and 
schistos structure. 


Gnelssic 


The layering in a rock in which bands or lenses of granular minerals (quartz 
and feldspar) alternate with bands or lenses in which platy (mica) or 
elongate (amphibole) minerals Predominate. The most intense form of 
foliation is mineral banding. At the highest grades of metamorphism, 
minerals begin to segregate into separate bands. The micaceous minerals 
separate from the quartz and feldspars. 





BANDING 
mica, ftz, feldspar 





dark matics (hiotite/a mphibole) 
segregate into hands separate 
from light colored gizfelfspar 





-usually associated with high-grade regional metamorphism 
(where differential stress prevails I.e. tectonic forces) 


-where the _ sheet silicates and other minerals like 
quartz/feldspars/hornblende/pyroxene are’ segregated § in 
distinct bands in the rocks- known as gneissic banding. 
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Mylonitic /Fylonitic 


Mylonitic: 

¢ Showing the scratch cause of strong milling. 

Fylonitic: 

eThe characteristic and the appearance same with 
the mylonitic (fylonitic has fine grain) 

¢ The re-crystallization done 

¢ Showing silky luster 








Crystalloblastic texture 
of metamorphic rock 


Lepidoblastic : consists of flat or tabular minerals, 
such as mica mineral (muscovite, biotite). 


Nematoblastic: consist of prismatic minerals, such as 
plagioclase mineral, k-feldspar, pyroxene. 


Granoblastic: consist of granular minerals 
(equidimensional), with suture boundary not regular, 
with anhedral mineral, such as quartz. 


Homeoblastic: consist of one texture only, such as 
lepidoblastic only. 


Heteroblastic: consist of more than one texture, 
such as lepidoblastic combine with granoblastic. 
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Non-Foliated (non-banded} 


Non-foliated metamorphic rocks form when metamorphism takes place under constant pressure. An 





intrusion of granitic magma will heat its so-called “country rock envelope”. The temperature of the country 
rocks depends on the distance from the intrusion. The size of the intrusion and the composition of the magma 


are also very Important (e.g. granitic (rhyolitic) magma at 700°C will not heat the country rocks as much as 





gabbroic (basaltic) magma at 1200°C). The country rocks furthest away from the intrusion will simp! 


recrystallize whereas new metamorphic minerals will form as the heat source 1s approached. Non-foliated 





metamorphic rocks that have been “baked” because of their proximity to an intrusion are called hornfels. 


Hornfels is a relatively fine-grained, massive rock. Any kind of protolith can be subjected to contact 





metamorphism to produce, for example, metapelitic (clay-rich sedimentary rock prior to metamorphism) 
hornfels, metabasaltic hornfels etc. Metamorphism resulting from the heating of rocks by an intrusion 1s 


called contact metamorphism. 





Two important non-foliated rock types are marb/e (metamorphosed limestone) and quartzite 
(metamorphosed sandstone). Both may, of course, occur as foliated varieties if they are deformed during 
metamorphism, 


The metamorphism of igneous rocks shows some important differences from that of sediments. This is 
hecause many sediments contain H;O-hearing minerals (e.g. clay), and water is present in the pore spaces. 
Metamorphic reactions in sedimentary rocks involve dehydration. Gabbro, however, consists dominantly of 





plagioclase and pyroxene, neither of which contains water. Gabbros crystallize at 1000-1200°C and the 
minerals are stable at all temperatures below this, as long as the system 1s dry. The metamorphism of a 
gabbro requires the presence of water. The same applies for most igneous rocks. Here we will consider the 

"metamorphism of dunite (an ultramafic rock consisting of >90% olivine; a kind of peridotite). Most dunites 
consist of Mg-rich olivine with composition close to forsterite Mg>/$10.|. In the presence of water, forsterite 
breaks down at >200°C to form serpentine. 


olivine serpentine 





A rock consisting largely of serpentine 18 a serpentinite. Serpentinites can also occur as foliated rocks. 
Another hydrous, Mg-rich silicate mineral that can be formed from the metamorphism of olivine-rich rocks 
is tale (Mgs3[Siz0;9](OQH)2). Tale-rich rocks are known as soapstone. 





Type of protolith (origin rock} 


The common types of sedimentary and igneous 
rocks into six chemically based-groups 


1. Ultramafic - very high Mg, Fe, Ni, Cr 
2. Mafic - high Fe, Mg, and Ca 

3. Shales (pelitic) - high Al, K, Si 

4. Carbonates- high Ca, Mg, CO, 

5. Quartz - nearly pure SiQ,. 

6. Quartzo-feldspathic - high Si, Na, K, Al 
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Slate Slaty Fine-srained, earthy lustre, 
splits into flat sheets 
Phyllite (in-between) fine-grained, silky luster, splits 
on wavy sutfaces 
Schist Schistose Visible platy, rod-like minerals 
in planar alignment 
Gneiss Gmneissic Separate, parallel bands of 
light, dark coarse minerals 





Rock Name Matin Minerals Texture Parent 








Calcite Coarse Limestone 
interlocking 
orains 
Quartz Interlocking Sandstone 





quartz granules 





Hornfels Micas Microscopic Shale 
minerals 

Plagioclase Microscopic Basalt 
minerals 
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TABLE 1: FOLIATED (banded) ROCK CLASSIFICATION 









Matamorphic 50-300°C 
Environment 


Matamorphic Low 
Grade 


Rock Name SLATE 
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TEXTURAL CLASSIFICATION OF MeTAMORPHIC ROCKS 


FOLIATED 


Complex composition with 
many different kinds of 
minerals, 


CHEMISTRY 


Many new minerals 
produced with changes in T 
and P. Including chlorite, 
biotite, garnet, stqurolite, 
kyanite, and sillimanite.. 


MINERALOGY 
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TEXTURE 





Slates, Phyllrtes, Schists, 
and Gnelsses. 











See “Development of 
Barrovian Metamorphic 
Rocks From A Shale 

Parent.” 











REPRESENTATIVE 
ROCKS 







TUATELAL i) orientation. 


BARROVIAN 





Non-FOLIATED 
CIRANULAR 


Simple composition with 
only 3 few minerals, such as 
calcite (C2CO,) and quartz 
(SIO). 





No new minerals produced. 
Calcite stays calcite and silica 
stays silica. 












Granulgr, equidimensional 
grains with no prefertes 


TYPES OF 


ETAMORPHISM 








Limestone to MARBLE 


Basalt to SOAPSTONE 
or SERPENTINITE 


Otz 5§ to QUARTZITE CONTACT AND 
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Follated 





shiny luster; 
crystals 
be visible 










Sy Limestone 
= Granular: seinen 
= translucent: 

8 many colors Dolomitic 
Ge to react sical 


1 (Shale), slate, and phyllite complete intergrade with each other. Distinctions may be difficult. 






Scratch Glass 





Softer Than Glass 


-Importance of Metamorphic rocks- 


SLATES 


Fine grained impermeable, cleavable and soft 

Incompetent; cannot withstand great loads 

But since they are impermeable and split easily; thin large sized slabs of 
uniform thickness can be extracted for roofing purpose. 

Economic importance: Since they are bad conductor of electricity— used 
in electrical industries for switch board base 
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PHYLLITES 


Usually associated with intermediate grade _ of 
metamorphism; where the mineral grains grows large in 
size as compare to that seen in slates 

This develops a pronounced foliation where the preferred 
oriented minerals are seen. 





Gneissic rocks are rich in SILICA 1.e. predominantly Quartz 
and Feldspars along with garnet, pyroxene, Hornblende etc. 


Non-porous and impermeable nature increases the strength 
of the rock 


e Foliated character to some extend improves workability 


e Load perpendicular to foliated planes gives more stronger 


foundation 








e Mainly composed of prismatic or platy minerals, which contributes in 
development of Schistose Structure. Eg. Hornblende, tourmaline, 
sillimanite etc (prismatic); chlorite, muscovite, biotite, talc, kyanite etc. 


(platy) 


Cleavable nature of Schists is the main reason for their weakness; they 
are incompetent 











SANDSTONE (composed of quartz/feldspars/feldspathoid minerals) 
when under go metamorphism result into Quartzite. 


Granulose texture/structure (Granoblastic) makes them most competent 
rock amongst all other metamorphic rocks. 


Because metamorphism of Sst. Result disappearance of cementing 
material, bedding planes, fossil content etc. 


Quartzites are compact, hard and strong; very less porous and less 
permeable than the parent Sst. 


Predominance of Quartz makes the rock very hard and suitable for road 
metal; can be used as concrete aggregate etc. 


Acts as strong foundation for any CE structure. 





Pamela Gore, 1996 














MARBLE 


Latin word ““Marmor’— Shining stone. 
Calcareous metamorphic rock 


Though it shows granulose structure it is not as hard as Quartzite 


because of its Calcareous composition; but can withstand reasonable 
load. 


Due to its pleasant colour a ilasiamani BP DUAranEe when poussied it is 
extensively used as pu ay Berane, § er are 
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